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THE RELATIVE RATE OF GROWTH OF MILK BACTERIA 
IN RAW AND PASTEURIZED CLEAN MILK* 

E. Q. St. John and M. E. Pennington 

(From the Philadelphia Clinical Laboratory.) 

The significance of the relative rate of growth of various organ- 
isms in raw and heated milk has, during comparatively recent years, 
brought out a considerable mass of work the results of which vary 
widely, as one would expect, considering the difficulties in obtaining 
material, in technique, and in overcoming or accounting for the many 
variations, small in themselves, but of importance when dealing with 
so dehcate a problem in a medium so readily influenced. Hence, one 
is not surprised to find Fokker,' Hesse, ^ Schottelius,* Kitasato,'* 
Friedrich,5 Heinemann,* and others maintaining a germicidal activity 
for fresh cow's milk, which activity is destroyed by heat, and equally 
positive assertions on the part of Basenau,' Heim,* Kleimmer,' Conn 
and Esten,'° and others that such a power is not manifested by raw 
milk; while the intermediate school is represented by Moro-Graz," 
Schenk," Cozzolino,'^ etc., who would assign such a property to 
milk from some animals and not to that from others. 

Much of this variation of opinion we believe to be due to the con- 
ditions under which experiments were performed, notably, the 
method of obtaining the milk. Unless drawn from the cow in a 
sterile condition it cannot be rendered so without alteration, to a 
greater or less extent, of those substances upon which the "life" of 
the milk depends, and while possible it is difl&cult, fijrst, to find a cow 
giving sterile milk and, then, to draw it in a sterile condition. How- 
ever, such experiments have been made and the results obtained by 
sowing pure cultures of various organisms in sterile, fresh milk 
would indicate that such milk does inhibit growth for some organisms 
more and for some less strongly.''* 

While such experiments are of great value they leave untouched, 
except by inference, a crucial point in the practical pasteurization 
and sterilization of milk for infant-feeding or for the general public 
which the large city milk dealer is more and more frequently forcing 

* Received for publication June lo, 1907 
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to the use of milk that has been subjected to the heating process 
misnamed "pasteurization." The point referred to is, "What is the 
effect of heated milk on a mixture of various varieties and numbers 
of those organisms commonly inhabiting milk and whose source is 
not only the cow but air, water, soil, dust, etc. 

After commercial heating milk is almost invariably reinfected 
with a variety of organisms before it leaves the hands of the dealer,'^ 
and is subject to many sources of infection in the ordinary household 
before it is consumed. The work of isolating in pure culture the 
organisms inhabiting a number of specimens of milk is appreciated 
only by those who have tried it ; and the returning of such cultures to 
the heated milk in their original quantity, quality, and relative pro- 
portions is a feat which has not been, and is not likely to be, readily 
accomplished. The addition of a portion of raw milk, with its 
accompanying organisms, to a portion of the same, milk previously 
heated is open to objection because it either greatly reduces the actual 
number of organisms per c.c. which, according to Hunziker,'' makes a 
difference in germicidal activity, or it carries in a goodly quantity of 
raw, unchanged milk which may modify the final result. 

Because of the importance of the practical side of this question, 
that is, whether the commonly occurring mixtures of milk organ- 
isms show a different rate of growth in raw and in heated milk, we 
decided to devise a scheme by which the organisms, in like number 
and species and unchanged in activity by isolation on artificial media, 
could be studied side by side in the fresh, clean, raw product, and in 
the fresh, clean, pasteurized milk. 

This we accomplished by centrifuging raw milk at a high rate of 
speed until the majority of the organisms had settled at the bottom 
of the tube. Plating the supernatant milk showed that from 50 to 75 
per cent of them were thrown down after 15 minutes, whiriing at a 
speed somewhat above 3,000 revolutions per minute. By carefully 
pipetting off the milk the sediment could all be kept in a volume less 
than I c.c. It was then transferred to milk which had been heated 
under the conditions desired. A sufficient amount of residue was 
added to supply the heated milk with approximately its original 
quota of organisms. Of course, due precautions were observed 
throughout to prevent contamination from handhng. , 
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That the reinfection gives a milk bacteriologically comparable with 
the raw product is proven not only by the total initial count, but by 
the proportions of acid-formers and liquefiers present in both samples, 
which, as the tables show, are practically identical. 

The heating of the milk was carried out in small flasks at a tem- 
perature of 79° C. for 20 minutes, cooling quickly in running water 
and finally on ice. It will be noticed that the germs surviving were 
very few. As soon as it was cold it was reinfected and both samples 
were then plated. 

The counts were made on plain agar, litmus-lactose agar, and 
litmus-lactose gelatin. The gelatin plates, showing the liquefying 
species as well as the acid-formers and general count, were, of course, 
kept at 20° C. The agar plates were grown for 24 hours at 37° C, 
then for two days at room temperatures. We find this initial high 
temperature gives clear-cut colonies, an especially desirable condi- 
tion when acid-formers are to be counted. 

The three samples to be compared, (a) raw, (b) heated and re- 
infected, (c) heated, were then kept either at room or refrigerator 
temperatures and plated at intervals of 24 hours until curding took 
place. 

This happened, ordinarily, in from 72 to 96 hours for the pasteur- 
ized-reinfected milk, at which time the raw milk was still sweet and 
remained so for at least 24 hours longer, making the life of the raw 
milk, as determined by curding, considerably longer than that of the 
pateurized-reinfected milk. While the life of all the samples at room 
temperature was shorter than when kept in the ice-box, the relative 
differences were still well marked. 

Counts made of these samples as above outlined showed a very 
marked increase in the bacterial content of the pasteurized-rein- 
fected samples as compared with the raw. This increase ordinarily 
was plainly visible at the end of the first 24 hours, though if kept very 
cold there was an occasional decrease for that length of time, which 
decrease was more plainly marked in the raw than in the heated 
sample. In one case only, out of all the experiments made, was this 
decrease maintained for a longer period (Exp. 5, Table i), and the 
whole course of this milk in all three samples differs so widely from 
the rest that too much stress cannot be laid upon it. It is given. 
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principally, to show what wide variations may occur in individual 
cases. 

The decrease during the first day in these experiments is of addi- 
tional interest because the milk was between six and eight hours old 
when we received it and its ability to kill organisms is, therefore, of 
fairly long duration. Prior to its delivery at the laboratory, however, 
its history was one of most unusual cleanliness and care. It was 
drawn from cattle inspected monthly by a veterinarian, tubercuhn 
tested twice yearly; each individual cow was examined weekly for 
evidences of udder inflammation, as shown by the presence of pus 
or streptococci or staphylococci in quantity in her milk. The most 
rigorous practices regarding cleanliness of barns and cattle are fol- 
lowed, including a separate room for milking. The cooling of the 
milk is to below 40° F., generally 34° to 36°, and is accomplished so 
promptly that scarcely five minutes elapse between the drawing of the 
milk and its final sealing in sterile bottles, with sterile caps made flush 
with the bottle top with parafiin to prevent contamination while in 
transit to the consumer. The milk was packed in ice for transporta- 
tion. If a germicidal property is an attribute of clean milk, as 
Hunziker's states, it should certainly find expression in milk so 
produced. 

If, on the other hand, as Stocking'"" asserts, "The decrease in 
the numbers of the normal milk bacteria during the first few hours 
after milking is not properly to be attributed to a germicidal condition 
or property possessed by the milk, but simply to the natural dropping- 
out of those species which do not find the milk a suitable medium in 
which to develop," the returning to the heated milk of the unchanged 
organisms should still be followed by the same decrease, provided 
the heating has in no wise changed its behavior as a culture medium. 

Aside from this decrease in the first few hours, however, there 
remains the question of the relative rate of increase of the organisms 
in the raw and heated milk, a question which, as we said before, is 
of vital interest when .considered from the standpoint of infant- 
feeding. 

Table i gives five experiments made as above outlined, the results 
being expressed as ratios of increase, taking the initial count as unity. 
Accordingly, we find, in Exp. i that after 48 hours at room tempera- 
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ture the raw milk has increased its original content 1,355 times; the 
pasteurized milk has 51,904 times as many as in the beginning. In 
Exp. 3, after 96 hours in the ice-box, the raw milk has multiplied 
1,328 times; while the pasteurized and reinfected has 34,550 times 
as many as in the beginning. 

TABLE I. 

Ratio op Increase of Germ Content. 



Number of 
Hours 



Raw Milk 



Pasteurized and Reinfected 
Milk 



Experiment i — • 
Room temperature 



Experiment 2 — • 
Room temperature 



Experiment 3 — 
Ice-box temperature 



Experiment 4 — 
Ice-box temperatm-e 



Experiment 5 — 
Ice-box temperature 



Immediately 
24 hours 



Immediately 
24 hours 



Immediately 
24 hours 
48 " 
72 
96 " 

Immediately 
24 hours 
48 " 
72 " 
96 " 

Immediately 

24 hours 

48 " 

72 " 

96 " 
120 " 
144 " 
168 " 



29 

I35S 



4 

218 
967 
1328 



Loss of organisms 



Decreasing count for 24 hrs, 
1.8 
1-3 

2-5 



1: 222 
Sour 



1 59 
51.904 



67 
35.000 



1: 

1:15 
1:637 
1:2700 
1:34.550 

1: 



Decrease in count 



Decreasing count for 48 hrs. 



1.6 

6 

84 

1703 

2222 



Experiment 6 gives in greater detail the work leading to such 
figures as are summarized in Table i. In this case the acid colonies 
were differentiated by counting on litmus-lactose agar and their 
record appears in the specified column. The milk was kept at 
15° C. during the experiment. 

Experiment 7 shows not only the course of the acid-formers, but 
also those organisms liquefying gelatin, a group of great importance 
in heated milk. The temperature here was 15° C. 

Both of these experiments follow the usual course — a marked 
increase in the number of organisms in the heated milk. This is 
not, apparently, confined sharply to either the acid-forming or pepto- 
nizing groups, sometimes one, sometimes the other being in excess. 
However, at the close of the experiments, the peptonizing organisms 
are generally ahead in the heated milk. 
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Centrifuging and returning the sediment to pasteurized milk does, 
of course, enrich the milk in serum to some extent. Lest such an ad- 
dition should affect in any way the growth of the bacteria we washed 
the sediment in sterile physiological salt solution several times before 
sowing the milk to be replenished — thereby removing this factor, if 
it be one. The experiment is outlined in No. 8. This milk also 
differed from the others in that it was 80 hours old when used, 
having been kept on ice to see whether the age factor, after the first 
few hours, made any great difference in the results obtained. 

Apparently the amount of serum which this method adds to the 
milk does not alter the relative rate of growth of the organisms; for, 
though the initial count in the reinfected milk is lower than in the raw, 
due, of course, to the difficulty of washing and preserving the number 
of organisms intact, the ratio of increase in the heated milk is far in 
excess of the unheated. Originally, however, this milk was very 
clean and the temperature was low throughout. 

What the effect of heat would be on an ordinary shop milk was 
the next question raised. But two experiments have been made, 
and they are not sufficient to give an adequate reply to the above 
query. The results are appended and we plan further work along 
this line with ordinary milk for which a history can be obtained. 

CONCLUSIONS. 

The foregoing experiments would indicate that aside from the 
lowering of the numbers of organisms in milk during the first few 
hours, be that due to a germicidal activity, or to unnatural environ- 
ment, there is a restraining power for ordinary milk organisms in 
raw milk lasting at least to the curding point. This condition is 
either not present or is reduced in milk which is heated to 79° C, at 
a temperature below that required to destroy its oxydizing action. 

This restraining power seems to apply to the organisms commonly 
found in milk in the combinations ordinarily present there. A com- 
plete qualitative study of the flora inhabiting the samples of milk 
cited was not carried through, but the predominating and most 
commonly occurring forms were isolated and proven to be Bact. 
aerogenes, B. solitarius (Ravenel), B. formosus (Ravenel), M. 
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aurantiacus, Bad. julvum (Zimmermann), M. viticulosis, and M. 
lactis. 

It is an accepted fact by many doing laboratory work on milk 
that pasteurization or sterilization of milk and its subsequent rein- 
fection may be attended by serious consequences in the child, and, 
therefore, it is urged that even greater care in handling and refrigera- 
tion be employed for heated milk than for the raw article. 

Such precautions, so far as a clean milk is concerned, would seem 
to be strongly emphasized by the foregoing experiments. They 
afford additional light, also, on the milk "pasteurized" commercially, 
which is reinfected after heating and generally, in cities, kept the 
better part of 24 hours before delivery to the consumer, who uses it 
at intervals during another 24 hours and who may heat it a second 
time. 
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